





























































































































































































































































































































































































































not presented for spawning walleyes. This does not pose any
problems if the preference curves are developed in the
stream or a similar stream for which the IFIM analyses are
being conducted. If, however, the study stream has a much
different distribution of cover than the stream where the
curves were developed, the analysis could be distorted.

Edge (current break) was included as a cover type
because it appeared to be an important attribute for some
species-life stages. Edge was the preferred cover type for
adult smallmouth bass and channel modifications which create
edge may be valuable habitat enhancement methods.

HABITAT ENHANCEMENT

Microhabitat suitability information presented here
should be useful as a guideline for habitat enhancement
projects. Various habitat structures have been widely used
in coldwater (trout) streams and are now being considered
for use in warm and cool water streams as well. A primary
question should be considered before such projects are
undertaken: Is habitat limiting and, if so, what kind of
habitat? This is a very complex and difficult question to
answer a priori for a warmwater stream. If we wish to
increase the number and size of adult bass do we need to
improve spawning habitat, nursery habitat, juvenile habitat,
adult resting habitat, or do we need to improve the habitat
of their prey? Thorough population information will provide
the answers to some of these questions, but we may need to
understand the structure and dynamics of the community to
accurately predict the full effects of the proposed habitat
modifications.

The type of habitat structure used is also important
since it must provide a preferred cover type for the
species-life stage of interest. For instance, adult
smallmouth bass did not show a strong preference for any of
the cover types assessed in this study with the exception of
current break (edge). In order to improve adult habitat,
structures which create eddies and sharp riffle-pool
interfaces may be most appropriate. In contrast, juvenile
smallmouth bass show a strong preference for boulders. The
use of boulders to create channel constrictions in run areas
may be an effective way of providing habitat for both adults
and juveniles.

Any habitat enhancements which are conducted should be
well documented. Fish populations and communities should be
assessed before and after installation so that any positive
or negative effects can be noted. 1In addition, control
sites should be established to monitor changes which may be
due to extraneous variables.
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A COMMUNITY ORIENTED APPROACH FOR IFIM STUDIES

Most studies using the Instream Flow Incremental
Methodology (IFIM) have simulated relationships between flow
regime and weighted useable area (WUA) for a single species
or a few species of special interest. Subsequently, flow
recommendations based on these simulations are made.
Although this approach may be appropriate for certain
coldwater streams with low species diversities, it is not
adequate for warmwater streams. The energetics of warmwater
streams are very complex and an over-simplified approach
(single or few target species) to complex fisheries
management may overlook vital components of the system
(Lyons et al. 1988).

Frequently, the species of special interest in IFIM
studies are game fish. Game fish are almost always
predatory and often piscivorous. Predatory fish spend only
a small fraction of their time feeding; most of their time
is spent resting and digesting meals (Klauda 1975; Diana
1979). This disproportion in activity will cause habitat
preference curves to be biased towards the resting phase of
a piscivore’s behavior. For instance, habitat preference
data for smallmouth bass, collected in this study, suggested
that smallmouth bass are basically a pool species throughout
their lifetime, yet, food habits of 496 smallmouth bass
indicated that 46% of the fishes found in their stomachs
were riffle species (Fig. 26) and 75% of those prey items
consumed had the highest densities in riffles. Smallmouth
bass were frequently observed chasing schools of central
stonerollers and shiners Notropis spp. in riffle areas sco
shallow that smallmouth bass backs were out of the water.
On several occasions this feeding behavior was so voracious
that fleeing baitfish beached themselves. These incidents
happened very quickly, however, so the probability of
actually sampling smallmouth bass in the act of feeding is
relatively small. If the habitat simulations were
conducted, and flow recommendations for increasing
smallmouth bass WUA were made based on only their habitat
preference data, the simulations might indicate that
dewatering riffle areas to produce low velocity water, or
flooding out riffle areas to produce deep water would
produce more smallmouth bass habitat. Either flow regime
could be detrimental to smallmouth bass by reducing food
producing areas.

Relationships between WUA and standing stock of a fish
species are likely to be greatest for fishes which use
similar habitat for all aspects of their behavior and are
least dependent on other areas. For example, a study
evaluating IFIM in Oklahoma showed no correlation between
WUA and standing stock of adult and juvenile smallmouth bass
during any season, but showed significant correlations for
freckled madtom Noturus nocturnus, central stoneroller, and
orangebelly darter Etheostoma radiosum which are non-
piscivorous species (Orth and Maughan 1982).
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In the present study, habitat suitability data were
collected from over 36,000 fish, which were clustered by
species into six habitat-use guilds. These guilds describe
the relationships between certain types of habitat
(represented by the variables of velocity, depth, substrate,
cover), and the presence or absence of fish species. The
guilds also summarize the habitat-use relationships among
fish. Therefore, to ensure adequate protection of the
aquatic habitat in Minnesota, habitat-flow relationships
should be simulated for representatives of these prevalent
habitat-use guilds. The habitat-flow relationships will
differ for each of the guild representatives so
interpretation of the habitat simulation will require a good
understanding of the stream's community dynamics and the
management objectives the strean.

It is very difficult to determine the amount of habitat
(WUA) required by one species life stage relative to
another. For instance, do adult smallmouth bass need more
habitat area than young-of-the-year to maintain a healthy
population? 1In some situations, where good population data
are available, there may be indications that spawning or
nursery habitat is limited. Under these circumstances, one
species-life stage may be emphasized or when detailed
population, recruitment, and reproduction data are
available, various optimization techniques specific to a
single species may be used. Frequently, however, this type
of data is lacking or there are multiple species of
interest. 1In the absence of specific management objectives
we recommend following the interpretive approach outlined in
Loar and Sale (1981), Bovee (1982), Sale et al. (1982) and
Leonard et al. (1986); 1) normalize all WUA versus discharge
relationships so that the optimal discharge for that
species-life stage has a value of one and 2) determine the
life stage with the lowest normalized WUA at each discharge
and use these values as the indicators of optimal discharge.
By using this method, no assumptions are made about how much
one life stage requires relative to another. 1Instead, the
species-life stages whose habitat is most restricted at a
given flow are those on which recommendations are based.

Species selection for the IFIM simulations should be
specific to the river section being studied. Streams
typically exhibit a gradient of physical characteristics
from headwaters to large rivers (Leopold et al. 1964;
Horowitz 1978; Vannote and Sweeney 1980) and these changes
are associated with changes in species assemblages (Cummins
1975; Vannote et al. 1980; Schlosser 1982). Guild
representatives identified in this study are appropriate for
habitat simulations on rivers of similar order and gradient,
but may not be appropriate on streams such as the Minnesota
River, which are morphologically dissimilar to the our study
streams. Also, some species of fish are more sensitive to
changes in flow than others. Therefore, the habitat-use
guild representative which is most sensitive to changes in
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flow should be weighted most heavily in the interpretation
of habitat simulations. For these reasons, we advocate a
community-oriented approach to IFIM and to subsequent
protection of important habitat types.

Information gathered during the past two years has
greatly improved our understanding of the habitat
requirements of a number of stream fishes. The habitat
suitability curves developed in this study will improve the
DNR's ability to respond to appropriation permits,
hydropower licensing and relicensing applications, water
diversion projects, and reservoir operation plans (i.e.
flood control, recreation, navigation). Some of this
information has already been applied in negotiating stream
flows below hydropower facilitates on the upper Mississippi
and Ottertail rivers.

The availability of reliable habitat preference data
has often limited the use of the IFIM in warm and cool water
streams. Techniques which are not based on biological needs
are relied upon, although they are unproven for use on warm
water streams, and are difficult to defend in appropriation
hearings. Sampling techniques and analytical procedures
that have been developed or refined for use in Minnesota
should greatly reduce the cost of subsequent instream flow
investigations and permit more detailed analysis.

The library of habitat suitability curves that has been
compiled during the past two years is by no means complete.
There are many species for which insufficient data were
collected to develop reliable suitability curves. Of the
more than 150 species known to inhabit the streams and
rivers of Minnesota, only 63 were collected from the Snake,
Yellow Medicine, and Zumbro rivers. There remains a great
deal to learn about the specific life-stage requirements of
these species. Detailed information is especially needed
for game fishes since their welfare is often dependent on
complex community interactions.

A tremendous opportunity exists to use the existing
legal authority to protect and enhance Minnesota streams and
rivers. Until now, we have been unable to take full
advantage of this opportunity due to a lack of knowledge
concerning habitat requirements of stream fishes and
uncertainty as to which instream flow assessment techniques
are appropriate for use in Minnesota. This study moves
towards filling this knowledge void. Every effort should be
made to continue this program for the protection of
Minnesota's stream resources.
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CONCLUSIONS

The Instream Flow Incremental Methodology is a valuable
tool for assessing the effects of regulation and withdrawal
on stream fishery resources. Selection of appropriate
target species is an important step in the application of
IFIM. Game species are frequently the sole focus of
instream flow investigations. Due to the complexity of
warmwater streams, selection of only game species for flow
assessments may be inadequate. Game fishes are usually
predators and depend on other fishes and invertebrates for
their survival. The interdependency of aquatic organisms
warrants the investigation of flow effects on the entire
stream community.

The habitat guild approach allows the selection of
representative indicator species so that flow effects on the
different biotic components of the stream community can be
assessed. Six guilds were identified (shallow pool, medium
pool, deep pool, raceway, slow riffle, and fast riffle) and
we recommend that representatives from each of these guilds
be included in stream flow assessments. By plotting
weighted useable area against discharge for each of these
representatives, guilds sensitive to proposed changes in
flow regime can be identified. Protection of these
sensitive elements should help to preserve the integrity of
the stream ecosystem.

Other components of the stream ecosystem should be
considered in future studies and assessments. Stream fishes
may be food-limited under some conditions (Irvine et al.
1986) and invertebrate production may be a key element in
defining fish biomass and size structure. Habitat
preference criteria for invertebrates are needed to properly
examine the effects of altered flow regimes on stream
ecosystems. Protection of fish habitat cannot be expected
to yield predictable results if an unprotected component of
the ecosystem limits production.
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APPENDIX I:

Fish species identified from the Zumbro, Snake, and Yellow
Medicine rivers in Minnesota: family, common and scientific
names .

PETROMYZONTIDAE/LAMPREYS
Chestnut lamprey.........Ichthyomyzon castaneus

CLUPEIDAE/HERRINGS
Gizzard Shad..:cese......DOrosoma cepedianum

UMBRIDAE /MUDMINNOW
Central Mudminnow.......Umbra limi

ESOCIDAE/PIKES
Northern Pike....cccs....Esox lucius

CYPRINIDAE/CARPS and MINNOWS
Central Stoneroller......Campostoma anomalum
Largescale Stoneroller...Campostoma oligolipis
CArXPecescscsccsesesessssCyprinus carpio
Hornyhead Chub...........Nocomis biguttatus
Golden Shiner............Notemigonus crysoleucas
Emerald Shiner...........Notropis atherinoides
River Shiner.............Notropis blennius
Common Shiner............Notropis cornutus
Blackchin Shiner.........Notropis heterodon
Blacknose Shiner.........Notropis heterolepis
Spottail Shiner..........Notropis hudsonius
Spotfin Shiner...........Notropis spilopterus
Sand Shiner..............Notropis stramineus
Mimic Shiner.............Notropis volucellus
Suckermouth Minnow.......Phenacobius mirabilis
Bluntnose Minnow.........Pimephales notatus
Fathead Minnow...........Pimephales promelas
Blacknose Dac€..+........Rhinichthys atratulus
Longnose Dac€............Rhinichthys cataractae
Redside Dac€.:eeese......Clinostomus elongatus
Creek Chub...............Semotilus atromaculatus

CATOSTOMIDAE/SUCKERS
River Carpsucker.........Carpiodes carpio
Quillback Carpsucker.....Carpoides cyprinus
White Sucker.............Catostomus commersoni
Spotted Sucker...........Minytrema melanops
Northern Hog Sucker......Hypentelium nigricans
Smallmouth Buffalo.......Ictiobus bubalus
Silver Redhorse..........Moxostoma anisurum
River Redhorse...........Moxostoma carinatum
Golden Redhorse..........Moxostoma erythrurum -
Shorthead Redhorse.......Moxostoma macrolepidotum
Greater Redhorse.........Moxostoma valenciennesi

ICTALURIDAE/CATFISHES
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Black Bullhead..c........Ictalurus melas
Yellow Bullhead..........Ictalurus natalis
Channel Catfish..........Ictalurus punctatus
Stonecat.<c.ccececeeceeeeee..Noturus flavus

GADIDAE/CODFISHES

Burbot.oa.oo.o.o.QO'OOOOOQLOta 10t&

ATHERINIDAE/SILVERSIDES

Brook Silverside.........Labidesthes sicculus

PERCICHTHYIDAE/TEMPERATE BASSES

White BasS..ceceeeeesess..Morone chrysops

CENTRARCHIDAE/SUNFISHES

Rock BasSS..ceeeeeeesss...Ambloplites rupestris
Green Sunfish............Lepomis cyanellus
Orangespotted Sunfish....Lepomis humilis
Bluegill Sunfish.........Lepomis macrochirus
Smallmouth BasS..........Micropterus dolomieui
Largemouth Bass..........Micropterus salmoides
White Crappie...ee¢e......Pomoxis annularis
Black Crappi€............Pomoxis nigromaculatus

PERCIDAE/PERCHES

Rainbow Darter....+......Etheostoma caeruleum
Fantail Darter...........Etheostoma flaballare
~Johnny Darter............Etheostoma nigrum
Banded Darter...e........Etheostoma zonale
Yellow Perchececseececec....Perca flavescens

Log Perch...c¢cveeceees....Percina caprodes

Gilt Darter...ceceseseece..Percina evides

Blackside Darter.........Percina maculata

Slenderhead Darter.......Percina phoxocephala

SAUger...ccceceeesecesessss.Stizostedion canadense

Walleye...eceeeeeeeeeess..Stizostedion vitreum
SCIAENIDAE/DRUMS

Freshwater Drum..........Aplodinotus grunniens
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APPENDIX II

Length breaks (minimum total length (mm)) for species
life stages collected from the Zumbro, Snake, and Yellow

Medicine rivers in Minnesota, 1987-1988.

ABBREVIATION AND COMMON NAME Y-O-Y JUV ADT

CYPRINIDAE/CARPS AND MINNOWS
(oF-V'e < TP ettt cee...200 300
Central Stoneroller...ccccecececcecsscscessb6b 79
Largescale Stoneroller........... ceeeseenn 65 80
Blackchin Shiner....... cececanen cerer e R X4
Blacknose Shiner.....ceeeeeeeceess ceeecenn 40 80
Bluntnose Minnow...... cecectececaseennenn e e e 50
Common Shiner........ 1 81
Creek Chub.......cc000n. cesesenec e ceeasesb6b 81
Emerald Shiner....iceeeeeeeeeesooocneenes cereseseadl
Fathead MinnoOW. .. .eeeeeeeeeeeeeeessenoenonnsnnsnns 40
Golden Shiner....... e e eesete s et crs e en ceeeee.b64
Hornyhead Chub.............. cececeanasaes 50 100
Mimic Shiner.....eeeeeeeeeeeeeeennns e eeceneaeees 40
River Shiner......eeeeeeeee. cecee et ees e eeeeaennn 60
Sand Shiner......c..... et eeeesee e e P X o
Spotfin Shiner.......ceceue.. csssesssssssasssas .. 41
Spottail Shiner......eeeeeeeceeeeeeanencens I Y4
Suckermouth MinnNoW. ...eeeeeeeeeeeeenneennns 40 80
BlacKknoSe DaCe. ...t essosescacsnsacnceneeeasssdl
Longnose DaCe...seeesecescssscnsens ceeecrecaane ..50
Redside DaCe...eeeeeeeneennons ceereseaacesssd0 60

CATOSTOMIDAE/SUCKERS
Quillback CarpsSUCKer.....eeeeeeesns eeee..150 350
River CarpsSUCKer....:eoeeeeeceeceesnesasal?0 370
Northern Hog Sucker........cceeeeeeeese...70 151
Smallmouth Buffalo.....ceeeeeeeeecccnnnes 250 350
Spotted Sucker.....ceeveeeeens 1) 250
White Sucker.......... ceeccateesetenannses 75 301
Golden Redhorse........ ceessssesassecesssl00 251
Greater Redhorse..... cerecnes . o1 0 430
River RedhorsSe.....eeeceees cereeann ceseses50 350
Shorthead Redhorse.....cceeeeeeeesceseeaasal00 250
Silver REANOrSE....evereeeeeeseaesesesnesal0O 250
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ABBREVIATION AND COMMON NAME

JUV ADT

ICTALURIDAE/CATFISHES
Black Bullhead.....cccoc.
Yellow Bullhead...cccvoe®
Channel Catfish....ceeeee
Stonecat..ccceececceacccss

GADIDAE/CODFISHES
Burbot."'..'..‘......Q..

ATHERINIDAE/SILVERFISHES
Brook Silverside.........

PERCICHTHYIDAE/TEMPERATE BASSES
White Bass...............

CENTRARCHIDAE/SUNFISHES
Bluegill Sunfish.........
Green Sunfish....ccce0ess
Orangespotted Sunfish....
ROCK BasSS.ccesoessenscons

Smallmouth Bass..........
Largemouth Bass....cc.c..

Black Crappi€..cececcsces
White Crappie...ccceeeesne

PETROMYZONTIDAE/LAMPREYS
Chestnut Lamprey.........

CLUPEIDAE/HERRINGS
Gizzard Shad....c.cceceese

UMBRIDAE/MUDMINNOW
Central Mudminnow........

SCIAENIDAE/DRUMS
Freshwater Drum....coceo.

ESOCIDAE/PIKES
Northern Pike...cceeeeeee

PERCIDAE/PERCHES
Banded Darter....cceeeeeo
Blackside Darter.........
Fantail Darter....cccceee
Gilt Darter..ccceceecsses
Johnny Darter.....ccecoees
Rainbow Darter.....cccees
Slenderhead Darter.......
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ABBREVIATION AND COMMON NAME YOY JUV ADT

Log PerCh.cceecececcesoscosscecccscnscscsssnsssssassassbl
Yellow Perch...cccecveccecccceccnsansocessas 70 150
SAUgeY.icesccocccescsasssoasccsccsssessssaslB0 250
Walleye..ceeeeeeeooseeaacsessscosoaassnssneeeslB0 300
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APPENDIX III

Coordinates for fish habitatipreference curves fit with non-
linear regression, using the generalized Poisson equation:

PREFERENCE =(((B-X)/(B-A))"C)* e”((C/D)*(1-((B-X)/(B-A))"D))

where: A= value of X where f(X)=1.0

B= value of X where f(X)=0.0 (X<B)
C= shape parameter for part of curve to right of X=A
D= shape parameter for part of curve to left of X=A

e= base of the natural logarithm
X= habitat variable (Bovee 1986)

SPECIES CURVE B A C D
Banded Darter, Etheostoma zonale
adult
velocity 194 88.3 62.3 0.183
depth 355 23.6 10.8 41.1
young-of-the-year - :
velocity 744 58.7 117 0.814
depth 355 19.2 15.1 48.5
Bluntnose Minnow, Pimephales notatus
adult
velocity 489 25.4 319 0.477
depth 500 25.4 9.92 60.8
Central Stoneroller, Campostoma anomalum
adult
velocity 195 79.2 61.9 0.269
depth 499 25.3 22.0 38.7
juvenile
- velocity - 143 55.7 61.8 0.575
depth 355 20.0 20.5 37.2
young-of-the-year
velocity 146 55.7 65.0 ©0.565
depth 355 11.5 21.2 82.4
Channel Catfish, Ictalurus punctatus
juveniles
velocity 90 13.1 29.9 0.487
depth 288 87.8 92.9 0.676
Emerald Shiner, Notropis atherinoides
adult
velocity 135 19.8 1.08 2.25
depth 9370000 7.14 188000 7640000
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SPECIES CURVE B A Cc D
Emerald Shiner, Notropis atherinoides (cont.)
young-of-the-year '
velocity 406 0 12.45 18.21
depth 398 11.6 19.1 61.8
Log Perch, Percina caprodes
adult
velocity 356 42.3 4.92 23.5
depth
Longnose Dace, Rhinichthys cataractae
adult
velocity 180 98.9 101 0.063
depth 355 9.04 9.08 163
young-of-the-year
velocity 2410000 13.3 33700 225000
depth 355 5.53 12.6 1000
Northern Hog Sucker, Hypentelium nigricans
adult
velocity 177 90.7 112 0.059
depth 500 65.6 18.8 12.3
juvenile
velocity 178 85.2 109 0.110
depth 355 6.30 8.38 1160
Sand Shiner, Notropis stramineus
adult
velocity 165 53.6 76.1 0.34
depth 235 14.5 20.0 25.0
young-of-the-year
velocity 365 0.000 12.5 150
depth 388 8.36 12.9 171
Shorthead Redhorse, Moxostoma macrolepidotum
adult
velocity 845 64.7 25.8 10.2
depth 500 92.9 168 1.77
juvenile
velocity 135 18.9 2.56 13.7
depth 356 64.2 14.2 7.89
young-of-the-year
velocity 135 33.6 1.93 13.7
depth 355 12.7 5.26 129
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SPECIES CURVE B A C D

Shorthead Redhorse, Moxostoma macrolepidotum

spawning
velocity 154 112 0.239 2.88
depth 135 99.3 2.42 1.02
Slenderhead Darter, Percina phoxocephala
adult
velocity 40300000 50.2 1600000 821000
depth 371 28.7 8.93 32.6
spawning
velocity 200 55.3 3.06 8.63
depth 355 32.3 185 8.06
Smallmouth Bass, Micropterus dolomieui
fry
velocity 125 4.81 26.8 9.58
depth 350 13.5 6.34 109
fingerling
velocity 130 33.8 0.755 6.71
depth 350 30.0 1.97 52.2
juvenile
velocity 135 23.8 1.59 11.4
depth 502 54.8 6.57 30.4
adult .
velocity 370 19.3 9.42 46.2
depth 391 124 95.9 0.484
spawning
velocity no curve
depth 26400000 63.0 3200000 3520000
Walleye, Stizostedion vitreum vitreum
spawning
velocity 429 57.0 24.1 20.4
depth 355 62.0 23.1 15.6
White Sucker, Catostomus commersoni
juvenile ‘
velocity 135 29.9 1.29 1.54
depth 598 17.3 9.67 138
young-of-the-year
velocity 135 17.3 18.8 0.251
depth 355 6.87 12.9 230

125






MNo.

No.

No.

No.

MNo.

No.

MNo.

No.

Mo.

396

397

398

399

. 400

401

402

403

404

408

INVESTIGATIONAL REPORTS*

Walleye-Sauger Bibliography, by M. Ebbers, P. Colby, and C. Lewis. July 1988.

Under-ice Distribution of Rotenone with Lake Aeration Equipment, by F. Bandow.
September 1989,

The Role of Low Flow Habitat and Interspecific Competition in Limiting Anadromous Parr
Abundance in North Shore Streams, by T. Close, D. Belford, S. Colvin and C. Anderson.
Septemnber 1989,

Limnological Characteristics of Mine Pit Lakes in Northeast Minnesota, by R. Pierce and
C. Tomcko. November 1989,

Sport-Fisheries Trends Shown by an Annual Minnesota Fishing Contest over a 58-Year Period,
by D. Oison and P. Cunningham. March 1990.

Evaluation of Special Regulations for Trout in Southeast Minnesota Streams, by W. Thorn.
August 1980

Long-Term Retention of Fluorescent Pigment Marking of Chinook Salmon, by M. Negus,
D. Belford, and S. Colvin. August 1990.

Evaluation of Fishing Quality indices and Sizes of Brown Trout Preferred by Anglers in Southeast
Minnesota, by J. Wiechman. August 1990.

Fish Community Responses to Manipulation of Yellow Perch and Walleye Abundance, by
T. Goeman, D. Anderson, and D. Schupp. November 1990.
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